Abstract.-W e have simultaneously measured t h e d i s l o c a t i o n c o n t r i b u t i o n s t o u l t r a s o n i c a t t e n u a t i o n aD and reduction o f sound v e l o c i t y A v~/ v between 10 and 200 MHz i n deformed Cu. The samples were y -i r r a d i a t e d i n order t o reduce t h e a t t e n u a t i o n and extend t h e experimentally usable frequency range t o highe r frequencies.
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Abstract.
-W e have simultaneously measured t h e d i s l o c a t i o n c o n t r i b u t i o n s t o u l t r a s o n i c a t t e n u a t i o n aD and reduction o f sound v e l o c i t y A v~/ v between 10
and 200 MHz i n deformed Cu. The samples were y -i r r a d i a t e d i n order t o reduce t h e a t t e n u a t i o n and extend t h e experimentally usable frequency range t o highe r frequencies. The r e s u l t s have been evaluated i n terms o f d i s l o c a t i o n r esonance damping. Q u a n t i t a t i v e data f o r t h e dislocation d e n s i t y and f r e e d i s l oc a t i o n l o o p l e n g t h as f u n c t i o n o f E have been derived both f o r d i s l o c a t i o n s i n tangles and i n t h e c e l l i n t e r i o r .
Introduction.-D i s l o c a t i o n resonance (DR) i s a f r e q u e n t l y studied and t h e o r e t ic a l l y we1 l described i n t e r n a l f r i c t i o n phenomenon /l/. The p r e d i c t e d frequency (f )-
c h a r a c t e r i s t i c s o f overdamped OR has been observed by MHz-attenuation a measurements /2/ and Hz-and kHz-experiments a r e expected t o show t h e low f DR behaviour There i s considerable experimental /3,4/ and t h e o r e t i c a l /5,6/ support f o r t h e Granato Liicke DR-theory /7/ based on Koehlers v i b r a t i n g s t r i n g model /g/.
However, several problems w i t h respect t o the i n t e r p r e t a t i o n o f 6 and MD data have accumulated /g/. One problem i s t h a t 6 -f as p r e d i c t e d by t h e GL-theory i s o f t e n not observed i n low f experiments. Also i n MHz experiments a p u z z l i n g d e v i a t i o n from t h e p r e d i c t e d f-dependence has been observed a t low f, b u t o n l y i n pre-defomed samples. To our opinion an explanation o f t h i s e f f e c t may c o n t r i b u t e t o t h e c l a r if i c a t i o n o f o t h e r low f problems. W e i n v e s t i g a t e d t h e i n f l u e n c e o f deformation on 6 and MD followed by y -i r r a d ia t i o n induced d i s l o c a t i o n pinning. MHz pulse-echo experiments o f f e r the unique chance t o study t h e most r e v e a l i n g f-dependence o f DR over a broad f-range ( t y p i c a l l y 5 t o 200 MHz) i n one and t h e same w e l l defined sample volume i n d i f f e r e n t p i n n i n g states.
2. Experimental.-A s e t o f i d e n t i c a l h i g h p u r i t y (RRR 2 1000) Cu s i n g l e c r y s t a l s was deformed a t room temperature by compression (0.19% 2 E 6 27%) along cl l l > . Sample preparation, y -i r r a d i a t i o n and measuring techniques f o r a t t e n u a t i o n a and sound ve- o n l y t h e 10 MHz r e s u l t s ) t o be t h e key t o f u r t h e r understanding. Fig.2 shows t h e complete data s e t f o r t h e decrement 6 (open symbols) and the modulus d e f e c t M D
f o r t h e 1% deformed sample (D), a f t e r recovery (R) and i r r a d i a t i o n (a,,). Since f o r standard c r y s t a l s t h e p i n n i n g behaviour i s q u a n t i t a t i v e l y described by t h e GL-theor y /10/ we compare t h e present data on deformed samples a l s o w i t h the t h e o r e t i c a l damped resonance maximum, arrows i n f i g . 2 ) and a MD-branch which are i n t e r l i n k e d ( l a r g e open c i r c l e s i n f i g . 2 ) because o f t h e Kramers-Kronig r e l a t i o n /12/. W e use t h e GLP f o r t h e exponential loop l e n g t h d i s t r i b u t i o n which i s i n v a r i a n t against random p i n n i n g /10/. As f i g . 2 shows t h e GLP f i t s our high gy data very w e l l . However, f o r t h e fly=800uAh data and e s p e c i a l l y f o r t h e s t a t e R and D data an increasing discrepancy e x i s t s f o r t h e decrement a t low f: The measured 6 values considerably exceed t h e t h e o r e t i c a l curves (e.g. by t h e f a c t o r 1.6 a t 10 MHz i n s t a t e D) whereas t h e MD data a r e much b e t t e r described by t h e respective GLP. According t o t h e GLtheory any change o f t h e mean loop l e n g t h L due t o pinning causes t h e GLP t o move downwards a slope-l l i n e . Therefore t h e present GLP f i t s are s t r o n g l y supported by t h e observed slope-l s h i f t (dashed dotted l i n e through (arrows) i n f i g . 2 ) between fly = 800 and 15000 pAh. Accordingly, we f i t our R a n d D data ( f o r s t a t e D onl y 10 MHz data are a v a i l a b l e because.of extremely high a (c.f. f i g . l a ) ) w i t h t h e GLP s h i f t e d upwards t h e same slope-l l i n e . The observed low f discrepancy cannot be r e - 
moved by a m o d i f i c a t i o n o f the exponential L -d i s t r i b u t i o n f u n c t i o n (since t h i s would d e t e r i o r a t e t h e good (&,MD) f i t s a t h i g h fly and a l s o t h e f a i r MD f i t a t low f i n s t at e R and D. The discrepancy i s observed a f t e r

It has been shown by TEM t h a t p o l y s l i p o r i e n t e d (e.g. <l1 l > ) c r y s t a l s already a t -FIG 3 6 ( f ) before ( 0 ) and a f t e r low E develop a d i s l o c a t i o n s t r u c t u r e constandard treatment (0) compared w i t h KGL-curves. Note t h e s i s t i n g o f h i g h A areas (tangles) and low discreoancv a t 10 MHz i n t h e
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l y we base t h e f u r t h e r evaluation on such a s t r u c t u r e : In addition t o t h e (61 ,MD1) component (which is described by t h e s o l i d GLP in f i g . 2 ) responsible f o r most of t h
Consequently we a t t r i b u t e the component 2 (caused by long dislocations of low A) t o t h e c e l l i n t e r i o r dislocations and component l (caused by s h o r t dislocations of high h ) t o t h e dislocations i n t h e tangles. The rapid pinning of component 2 i s a consequence of t h e small Aand long L of t h e c e l l i n t e r i o r dislocations competing f o r t h e deformation-and i r r a d i a t i o n induced point
defects ( t h e dislocation/point defect drainage volume VD per loop length L i s given 3 by VD --L / A i.e. VD2/VD1 2 10 in s t a t e D). The resistance of t h e observed discrepancy against heat treatment indicates t h a t t h e tangled s t r u c t u r e i s not removed (e.g. by 4h, 923°C annealing). This i s i n agreement with TEM r e s u l t s which show t h a t f o r E < 0.5% t h e deformation induced dislocation s t r u c t u r e i s not s i g n i f i c a n t l y changed by our standard anneal /15/.
5. Q u a n t i t a t i v e evaluation and discussion.-The described (6 ,MD) f i t procedure was done f o r t h e samples with E < 6.2% /16/ ( f o r --E > 6.2% t h e measured 6 and MD values a r e too small f o r re1 i a b l e q u a n t i t a t i v e evaluation (c.f. f i g . l a , b ) ) . From t h e GL-theory A and L --t r a s t t o P t h e c e l l i n t e r i o r density P2 is inDislocation density i n tangles 1 dependent of E f o r small E and close t o t h e ( k l ) and i n t h e c e l l i n t e r i o r dislocation density of our undef ormed c r y s t a l s 
A2
( h = 6 -1 0~c m -~) .
These A2 r e s u l t s add information t o TEM work which i s mostly confined t o high d i s l o c a t i o n density areas. D i s l o c a t i o n l o o p length.-Since L i s determined by d i f f e r e n t pinning e f f e c t s we d i scuss t h e p i n n i n g i n terms o f ni t h e number o f p i n n i n g p o i n t s (PP) per cm d i s l o c at i o n n = 1/L = Cni. I n a w e l l annealed c r y s t a l we expect n =Anc+nc+nA w i t h n, = ETA t h e network PP (network l e n g t h LN shortened by mutual d i s l o c a t i o n c u t t i n g ) ; nc t h e s t a t i s t i c a l i m p u r i t y PP i n t h e l a t t i c e ; Anc t h e enrichment o f i m p u r i t y PP a t d i s l o c a t i o n s (due t o e.g. C o t t r e l l i n t e r a c t i o n ) . For t h e deformed c r y s t a l s we t a k e Anc = 0 ( i t seems u n l i k e l y t h a t i n I h a t 373K C o t t r e l l clouds a r e formed around -l / A ; MDLOw -l/A. W e expect t h a t egus. (7) and (8) hold f o r Hz-and kHz experiments. In these cases (c.f. f i g . 2 ) t h e measured DR damping i s almost complet e l y caused by t h e c e l l i n t e r i o r dislocations i.e. 6 = 62; however, an excess modulus defect due t o t h e tangled dislocations should be observed MD = MD2 + MD1. We -ppoint out t h a t f o r f > fMAX (and i f d i f f e r e n t DR components contri b u t e -t o 6 and MD a s i n t h e present case) t h e complete GLP (including separation i n t o components) has t o be used f o r t h e evaluation. W e note t h a t Schlipf 1201 considering dislocation i n t e raction e f f e c t s (mutual c u t t i n g and point defect generation) a r r i v e s from d i f f e r e n t arguments a t t h e same A-dependence as given i n our equ.(6 , flY=O). A more detailed discussion of t h e present 5 and 0 values and of i r r a d i a t i o n pinning i n deformed Cu will be published elsewhere 1191. Work supported by t h e DFG (SFB 125).
